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ON ARTERIAL EXPANSION 



By G. N. Hartman and D. L. McDonough, University of 
Pennsylvania 

Such a great deal of experimentation has been published on 
plethysmographic work that some time ago Leschke 1 attempted 
to reach some conclusions by submitting the results of all 
these studies to a statistical treatment. All of this work, 
however, has been qualitative; the authors have sought to 
determine whether the volume of the blood at the periphery 
increased or decreased. We are unable to find any study in 
which the amount of increase or decrease has been quantita- 
tively studied. Such a quantitative determination is the object 
of the present study. 

A Lehmann plethysmograph was employed to the glass tube 
of which an arbitrary scale was attached. The volume of 
the body of the plethysmograph and of each division of the 
scale was determined. When the subject was placed in the 
instrument, the water was taken from a large graduated 
tube. The volume of the arm was thus determined by sub- 
tracting the volume of the water used from the total volume 
of the plethysmograph. 

Three series of determinations were made on each of 24 
adult subjects. (1) A Stanton sphygmomanometer was placed 
above the elbow of the arm used. The sac was then inflated 
until the diastolic pressure was obtained. In this case the 
veins were closed while the arteries remained open, and hence 
the blood backed up in the forearm expanding the arteries to 
the limits of their elasticity. After this determination the 
sphygmomanometer was removed. (2) The subject was then 
instructed to hold his breath for as long a time as possible 
and a second determination was made. (3) The third de- 
termination was made during mental work; mental multi- 
plication of a three-digit by a two-digit number being suf- 
ficient, in most cases, to keep the subject concentrated for a 
period of several minutes. At the beginning of each deter- 
mination, the reading of the height of the column of water 
in the tube was recorded, as was also the greatest extent of 
change during the experiment. 

1 Leschke, E., Die korperlichen Begleiterscheinungen seelischer Vor- 
gange, Arch. f. d. ges. Psychol., 21, 1911, 435ff. Die Ergebnisse und 
die Fehlerquellen der bisherigen Untersuchungen fiber die korperlichen 
Begleiterscheinungen seelischer Vorgange, ibid., 31, 1914, 27ff. 



ON ARTERIAL EXPANSION 



517 



H 

o c 



nOHHNHOHHrtHHHHNHHONnOHO 

ooooooooooo'ooooooddooood 



to 
d 



"1 

IS 



rtOfflHOSSNHanfSrtOHOOHisiNIDNN w 

ddddddddddddi-iddddddddddd 



S'.a 

65 



c~cmoi 



HHi-idHHHCii-iONHnHHNHC)H'NNNNN 



Oii 

as 

S a 

62 



OinONNOlMOinNMNlOM 
OMOhhhhONhhhNh 



Nine 

iHNr 






rHi-HCO 



0£ 

Ok 



ONooNooi-iooNmmNN 
di-idini-iddcocoi-Ht^cjrHt-t 



ON 

d<H 



?T 



Ninin 



OWIO 

device 



M 
N 



S " n 

•HIS • 



lOlOlOOOONOOlOONNOOlOlOlOlONlOOlOOO 

N^^irjir3ddoo^in<^rHinir3NVit--t~dNdt--d^3 

I-H i-l t-(iHt-< rH N i-l ■* t-H ft CM i-l HNNnMN 






«-,0 
o . 

l-s 



SMnomooooHQcooomNooooNNinooino 
t>f-^HoooooooOr-<-*t~ooooaii>t>3iooooooaiO 



00 CM 

0.-1 



IN 



■So 

en-" 



<Nco-^ , ir350t~ooo50>-<Nco'^ , m<ot^oooiO'-HNco-* 

<H.-l.-li-<.H.-l.-li-(.-li-<eMCMCMeMCM 






518 HARTMAN AND MCDONOUGH 

The results are found in the accompanying table. In the 
first column are indicated the subjects by number. In the 
next column the volume of the arm under normal conditions 
is recorded. In the next three columns are the volumes of 
change in c. c. respectively under the conditions of diastolic 
pressure, of holding the breath, and of mental work. A 
minus-sign indicates a decrease in volume. Inasmuch as the 
volume of the arm varies considerably for the different sub- 
jects, the actual amount of increase or decrease loses in sig- 
nificance when the different subjects are compared. Hence 
the percentage of change was calculated for the different 
experimental situations. These values are found in the last 
three columns of the table. The averages for the values in 
each column are found in the bottom row. 

It will be noticed that the changes under the conditions of 
diastolic pressure are very much larger, on the average, 
than those for either mental work or holding the breath. The 
average for diastolic pressure is 1.76 per cent., the greatest 
change being 3.17 per cent. (Subject 13), the smallest 0.60 
per cent. (Subject 4). In the case of holding the breath, the 
average change is 0.26 per cent., the greatest being 1.25 per 
cent. (Subject 13); while for Subjects 1, 3, 6, 7, and 15 no 
change was noted. For mental work, the average change 
was 0.16 per cent., the greatest change being 0.38 per cent.; 
while for Subjects 1, 3 and 8 no change was noted. The 
change for diastolic pressure was greater than that for hold- 
ing the breath in every case but one (Subject 4) where it was 
equal but in the negative direction. The change for diastolic 
pressure was invariably greater than for mental work. In 
10 cases the change for holding the breath was greater than 
for mental work, in 6 cases it was equal, and in 8 cases less. 

Summary 

(1) This study suggests a method for dealing with volum- 
etric peripheral vascular changes in a quantitative way. 

(2) Under our conditions we were unable to get increases 
in volume of blood in the forearm which approached the limits 
of elasticity of the vascular system. 

(3) The combination of the sphygmomanometer with the 
plethysmograph . appears to give a better determination of 
arterial elasticity than does the present medical clinical method. 



